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DESCRIPTION 

SECONDARY CELL ELECTRODE AND FABRICATION METHOD, 
AND SECONDARY CELL, COMPLEX CELL, AND VEfflCLE 

5 

Technical Field 

The present invention relates to a secondary cell electrode, and particularly, 
to a nonaqueous electrolyte electrode and a gel electrolyte electrode, and further to a 
fabrication method of the same, as well as to a secondary cell employing the 
10 secondary cell electrode, a complex cell employing the secondary cell, and a vehicle 
employing the secondary cell or the complex cell. 

Background Aj*t 

Recent years have observed, on the background with a rising trend for 
15 environmental protection, demands for a promoted introduction of an electric vehicle 

(EV), a hybrid vehicle (HEV), and a fuel cell powered vehicle (FCV), as well as 

developments of cells for their drive motors. 

For objectives needing high output and high energy density such as for 

driving a motor of EV, HEV, or FCV, it practicaUy is difficult to cope with a big-scale 
20 simplex cell, and a typical measure is the use of a complex cell composed of a 

plurality of serially connected cells. For use to such a complex cell, Japanese 

Patent Application Laid-Open PubUcation No. 2003-151526 has proposed a thin 

laminate cell. 

25 Disclosure of the Invention 

This laminate cell has a positive or negative polarized electrode formed with 
an electrode active material spread over a collector or foil, by using a coater or the 
like, thus having a three-dimensionally uniform concentration of solid material or 
electrolyte ingredients- 

30 As will be discussed later, such a laminate cell suffers an unfavorable 
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Brief Description of the Drawings 

FIG 1 is a section of an electrode of a typical nonaqueous electrolyte 

secondary cell. 

FTG 2 is a section of an electrode of a nonaqueous electrolyte secondary cell 
according to a first embodiment of the invention. 

FIG 3 is a section of an electrode of a nonaqueous electrolyte secondary cell 
according to a modification of the first embodiment. 

FIG 4 is a section of an electrode of a gel electrolyte secondary cell 
according to a second embodiment of the invention. 

FIG 5 is a section of an electrode of a gel electrolyte secondary cell 
according to a modification of the second embodiment. 

FIG 6 is a block diagram of a secondary cell fabricator. 

FIG 7 is a flowchart of control of the ceU fabricator. 

FIG 8 is a plan of a secondary cell electrode. 

FIG 9 is a perspective view of a secondary cell. 

FIG lOA is a plan view of a complex cell employing the secondary cell. 
FIG. IpB is a cross sectional view taken along line B-B of FIG lOA. 
FIG IOC is a cross sectional view taken along line C-C of FIG lOA. 
FIG 11 is a perspective view of a battery block employing the complex cell. 
FIG 12 is a side view of a vehicle employing the battery block. 

Best Mode For Carrying Out the Invention 

There will be detailed below preferred embodiments of the invention, as the 
best modes, with reference to the accompanying drawings. Like elements or 
members are designated by like reference characters. 

The description is made by four Parts: 

Part-1 Introduction to Embodiments 

Part-2 Details of Embodiments 

Part-3 Specific Examples 

Part-4 Supplements 
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For instance, in a discharge process of the secondary cell SC, Li ions 6 in 

electrolyte 5 of the electrode active material layer 2 are absorbed into particles of 

electrode active material 4, rapidly- 
Resultant reduction in concentration of Li ion 6 in the electrolyte 5 of 

electrode active material layer 2 is to be covered by diffusion of Li ions 6 from the 

electrolyte layer 3. 

Like this, in accordance with a varying concentration of Li ion in the 
electrode active material layer 2, Li ions 6 are diffused out of or back into the 
electrolyte layer 3. Concurrently, electrons 7 of collector 1 are conducted via an 
electrochemically conductive material, for promotion of the electrode reaction. 

The diflfusion of Li ions 6 is slow relative to the conduction of electrons 7. 
At a high rate of charge or discharge, Li ions 6 tend to be exhausted, with an 
increased tendency, as they move into depths, where the ion mobility due to diffusion 
is reduced. 

On the other hand, the conductivity by Li ion 6 increases with an increasing 
concentration of Li ion 6, but decreases with an excessively increased Li ion 
concentration that accompanies an increase in viscosity of the electrolyte 5, which 
restricts the diffusion of Li ion 6. 

Again, at a high rate of charge or discharge, Li ions 6 tend to be exhausted, 
with an increased tendency, as they move into depths, where the ion mobility due to 
diffusion is reduced. 

In the electrode SC which has a three dimensionally homogeneous electrode 
active material layer 2, at a high rate charge or discharge, the diffusion of Li ion 6 in 
this layer 2 fails to catch up a variation of Li ion concentration in a thickness or depth 
zone vicinal to or near the bottom where the upside of collector 1 extends, resulting 
in an occurrence of an over-voltage, thus failing to provide a sufficient charge or 
discharge capacity, as a problem. 

As an effective solution to such an issue, the present inventors have 
devised providing a secondary cell electrode wdth an electrode active material layer 
havmg a continuously or stepwise changed gradient of ingredient concentration not 
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such as electrode active material, electrically conductive material, and binder, and 
has a reduced contact resistance to the collector 1, allowing an increased mobility of 
electron 7. 

As a result, Li ions 6 have an increased tendency to diffuse info the third 
5 zone 12c, and electrons 7 have an increased tendency to move from the collector. 1, 
allovving for the electrode 10 to withstand a high rate charge or discharge. 

It is noted that the concentration of solid active material 15 may preferably 
be changed continuously or stepwise, along the depth of electrode active material 
layer 12 or even in respective depth zone or zones 12a, 12b, 12c. At any depth, the 
10 concentration of solid material may well exclude two dimensional gradients thereof. 

Fig. 3 shows, in schematic section, an electrode of a nonaqueous electrolyte 
secondary cell 20 according to a modification of the first embodiment. 

This cell 20 is different from the first embodiment 10 in that an felectrode 
active material layer 22 has its first, second, and third depth zones 22a, 22b, 22c 
15 layered as coats and laminated together, with continuously extending external 
boundaries 8, 8 against an electrolyte layer 3 and a collector 1, and likewise 
extending inter-layer boundaries 9, 9. 

In the first depth zone 22a near a top surface of electrode active material 
layer 22, the concentration of solid active material 24a in electrolyte 25a is relatively 
20 small. 

In the second depth zone 22b beneath the first depth zone 22a, the 
concentration of solid active material 24b in electrolyte 25b is medium. 

In the third depth zone 22c beneath the second depth zone 22b and near the 
collector 1, the concentration of solid active material 24c in electrolyte 25c is 
25 relatively large. 

The layered depth zones 22a, 22b, 22c may have their concentrations of 
solid material 25 in electrolyte 25 prepared homogeneous within associated coats 
(22a, 22b, 22c). 

According to the first embodiment, the electrode active material layer may 
30 preferably be provided by laminating a plurality of thin-fiUlm layers having different 
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the electrode active material layer toward the collector. 

Fig. 4 shows, in schematic section, an electrode of a gel electrolyte 
secondary cell 30 according to the second embodiment. 

In the secondary cell 30, a single sheet of electric charge coUectbr 1 has an 
active material layer 32 spread thereon to form the electrode, which in turn has a 
film-shaped electrolyte layer 3 formed thereon. 

Over an area of the electrode, the active material layer 32 is spread as an 
electrode-defining system of three dimensionally uniformly distributed particles of 
solid active material 34, with a non-"three-dimensionaUy-uniformly" prepared liquid 
body of electrolyte 35 filling even gaps in between. 

The electrolyte 35 has a commensurately changed ingredient-concentration 
providing a density gradient of the active material layer 32, as follows: 

A first depth zone 32a, located near a top surface of electrode activ^ material 
layer 32, has a relatively small concentration with respect to an electrolyte salt in an 
electrolyte 34a filled between particles of solid active material 35a. 

A second depth zone 32b, located beneath the first depth zone 32a, has a 
medium concentration with respect to the above-noted electrolyte salt in an 
electrolyte 34b filled between particles of solid active material 35b. 

A third depth zone 32c, located beneath the second depth zone 32b and near 
the bottom of electrode active material layer 32 where a top surface of coUector 1 
extends, has a relatively large concentration with respect to the electrolyte salt in an 
electrolyte 34c filled between particles of solid active material 35c. 

As a result, Li ions 6 have an increased tendency to be concentrated in the 
third zone 32c, and kept from being exhausted even at a high rate charge or 
discharge. 

Further, along an electrical potential gradient due to a gradient of 
concentration of electrolyte salt, Li ions 6 as well as electrons 7 are accelerated, and 
have an increased tendency to diffuse from the electrolyte layer 3. 

On the contrary, the concentration of electrolyte salt may be decreased along 
the depth firbm a top surface of the electrode active material layer 32 toward the 
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electrolyte 44c filled between particles of solid active material 45c. 

The layered depth zones 42a, 42b, 42c may have their concentrations of 
electrolyte salt in electrolyte 44 prepared homogeneous v^dthin associated coats (42a, 
42b, 42c). 

5 According to the second embodiment, as the secondary cell electrode 

comprises a gel electrolyte cell-oriented electrode, its fabrication method may 
preferably comprise: (a) changing a quantity of an electrolyte salt to be added to 
compose an electrode active material layer, thereby preparing a pluraUty of kinds of 
electrode slurry having different densities due to different concentrations of the 

10 electrolyte salt; and (b) coating a collector with a sequence of the plurality of kinds 
of electrode slurry, thereby laminating a plurality of thin-film layers different in 
density, as well as in a concentration of the electrolyte salt, such that the electrode 
active material layer has a density gradient developed with a gradient of the 
concentration of the electrolyte salt from a surface of the electrode active material 

15 layer toward the collector. 

Or, as the secondary cell electrode comprise a gel electrolyte cell-oriented 
electrode, its fabrication method may preferably comprise: (a) changing a quantity of 
a film forming raw material to be added to compose an electrode active material 
layer, thereby preparing a plurality of kinds of electrode slurry having different 

20 densities due to different concentrations of the fflm forming raw material; and (b) 
coating a collector with a sequence of the plurality of kinds of electrode slurry, 
thereby laminating a plurality of thin-film layers different in density, as well as in a 
concentration of the film forming raw material, such that the electrode active 
material layer has a density gradient developed with a gradient of the concentration 

25 of the fihn forming raw material from a surface of the electrode active material layer 
toward the collector. 

Or, as the secondary cell electrode comprise a gel electrolyte cell-oriented 
electrode, its fabrication method may preferably comprise: (a) changing quantities of 
an electrolyte salt and a fihn forming raw material to be added to compose an 

30 electrode active material layer, thereby preparing a plurality of kinds of electrode 
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electrode comprising a second collector, and a negative-electrode oriented active 
material layer having a density gradient developed v^th a gradient of a concentration 
of an electrolyte salt increased along a thickness from a surface of the 
negative-electrode oriented active material layer tovsrard the second collector; and an 
5 electrolyte layer. 

The negative-electrode oriented active material layer may preferably have 
the density gradient developed with a gradient of a concentration of a film forming 
material increased along the thickness from the surface of the negative-electrode 
oriented active material layer toward the second collector. 
10 The secondary cell may preferably comprise a negative-electrode oriented 

active material layer having a density gradient developed with a gradient of a 
concentration of a film forming material increased along a thickness from a surface 
of the negative-electrode oriented electrolyte layer toward a collector. 

15 lA Fabrication and Installation 

FIG 6 shows, in block diagram, a cell electrode fabricator CF for secondary 

cell electrodes according to an embodiment of the invention. 

The cell electrode fabricator CF is configured with: a controller 100 as a 

computer provided with necessary peripherals including a multi-purpose interface 
20 102, an interactive display 104, and a memory 106 for storing necessary programs 

and data; an ink jet system including a set of injection nozzles 108a, 108b, ... 

(coUectively 108), and a set of ink containers 109a, 109b, ... (collectively 109); and 

associated facilities including a drying heater 112, and a carrier 150 for carrying a 

collector 110. 

25 The controller 100 govems an entirety of the fabricator CF, and has a 

mapping operator 101 for processing four-dimensional data to map a temporal 
sequence of injection pattems of ink P, of which a selected one is indicated on the 
display 104, an entirety is stored in the memory 106, and demanded ones are 
transmitted together with commands to local controllers of the ink jet system and 

30 associated facilities to develop a current ink jet pattern on.the collector 110. 
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At a step S2, the deposition patterns are stored in the memory 106. 
At a step S3, for current use in the fabrication, a corresponding pattern is 
read from the memory 106. 

At a step S4, the read pattern is processed by the mapping operator 101, so 
5 that a layer of an active material is deposited in a mapped pattern on the collector 
110- 

At a step S5, the collector 110 is carried into the drying furnace, where the 
layer of deposited active material is heated and dried by the heater 112. 

In the case of a secondary ceU electrode to be fabricated as a bipolar 
10 electrode with a positive electrode layer formed on one side of the collector 110 and 
a negative electrode layer formed on the other side, the sequence of steps described 
are repeated two times, one for forming the positive electrode layer and the other for 
forming the negative electrode layer. 

FIG 8 shows, in plan, a secondary cell electrode as a bipolar electrode 
15 fabricated by repetition of the sequence of steps described, 

A hatched planar area, one-size smaller than the collector 110, is an 
electrode layer 111 formed with a volume of active material injected on one side of 
the collector 100. 

The bipolar electrode has positive and negative electrode layers formed on 
20 both sides of the collector 110. Assuming the electrode layer 111 of FIG 8 to be a 
positive, a negative electrode layer is formed on the opposite side. 

FIG 9 shows a perspective view of a simplex secondary cell 120. 
The secondary ceU 120 internally acconunodates a cell element composed 
of a plurality of secondary cell electrodes (that may be bipolar electrodes) fabricated 
25 in the described manner and laminated together with intervening electrolyte layers. 
The cell element is sheathed in a planer sheath 122 formed with a pair of 
polymer-metal composite laminate films sealed gas-tight. A positive electrode 
terminal 124 and a negative electrode terminal 126, intemially coimected to the cell 
element, are extended through an edge of the sheath 122, to be exposed for extemal 
30 coimection. 
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performances such as for power distribution and driving of the vehicle 400. The 
complex cell 200 and the battery block 300 have their secondary cells adapted for a 
conforming power supply service even after a long use, with a high durability. 
Further, they are configured to exhibit a stable performance against continued 
5 vibrations in the vehicle 400, without significant deterioration due to resonance. 

Part-2 Details of Embodiments 

This part covers details of nonaqueous electrolyte electrodes according to 
the first embodiment, and those of gel electrolyte electrodes according to the second 
10 embodiinent- 

2.1 Details of first embodiment faonaqueous electroly te electrodes^ 
2. 1.1 Confi guration of nonaqueous electrolyte electrode 
2.1.1a Nonaqueous electrolyte electrodes 
15 The electrode active material layer may preferably be configured with, but 

not limited to, a number of laminated thin-film layers different from each other in 
solid concentration. 

This configuration allows the electrode active material layer to be formed 
with a concentration gradient making the solid concentration increase along the 
20 thickness firom the layer surface toward the coUector. 

The number of laminated thin film layers may be two or more, preferably 
three or more, or more preferably, five or more. 

"Solid" in terms of solid concentration means a solid electrode material, 
such as an electrode active material, electrically conductive material, or binder, that 
25 may be contained in electrode active material layers. 

Such solids may be adequately selected to form a concentration gradient 
with which the solid concentration increases along the thickness from the surface of 
electrode active material layer toward the collector. 

For instance, v^th such a concentration gradient, the diffusion resistance of 
30 Li ion can be reduced, allowing for an effective electrode reaction even at high rate 
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about l-100|Jiiii is preferable from the viewp Dint of making a thin cell. 



positive-pole oriented electrode active 
simply to "positive electrode layer") 



2.1,1b Electrodes for positive pole 

For use to a positive pole, the 
5 material layer (referred herein sometimed; 

contains a positive electrode active material, and necessary additives including an 
electrically conductive material for enhaiiced electron conductivity, a binder, a 
lithium salt for enhanced ion conductivity, aid an electrolyte. 

The positive electrode active material may preferably be a lithium- 
10 transition metal complex oxide that is a domplex oxide of a transition metal and 
lithium. 

More speciBcally, the positive electrode active material may preferably be 
one of a family of Li-Co complex oxides such as liCoOa, a family of Li^Ni complex 
oxides such as LiNi02, a family of Li-Mn complex oxides such as spinel LiMn204, 
15 and a family of Li-Fe complex oxides such as LiFeOi, or any of them having 
elements of its transition metal substituted with others. 

These lithium transition metal complex oxides are excellent in reactivity and 

I 

cycle durability, and relatively low in cost. | 

They are thus advantageously used J for electrodes to provide a cell excellent 
20 in output characteristics. 

The positive electrode active material may preferably be one of 
phosphorates or sulfates of lithium and tranfsition metal, such as LiFeP04; transition 
metal oxides or sulfides, such as V2O5, MnOa, T1S2, M0S2, and M0O3; and other 
applicable compounds such as Pb02, AgO, and NiOOH. 

25 The particle size of positive active material may preferably fall within a 

1 

range of O.l-SOimi, or more preferably within a range of 0.1-20pm. 

The preferable particle size range excludes a range under 0.1 jim where the 
diflHculty of fabrication may fail to provide a desirable charge or discharge 
characteristic, and a range over SO^un wher^ one may suffer a difficulty in rabbing to 
30 the positive electrode active material. 
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They form a cross-linking structure, thereby exhibiting an excellent 
mechanical strength. 

According to the embodiment, high polymer solid electrolj'te is contained in 
at least either positive or negative electrode active material layer. 
5 However, it may preferably be contained in both of them for an enhanced 

performance of bipolar cell. 

The high polymer gel electrolyte may be a full-solid electrolyte-oriented 
ion-conductive high polymer containing an electrolytic solution, or a, lithium 
ion-nonconductive host polymer having a similar electrolytic solution held in its 
10 frame. 

The electrolytic solution (electrolyte salt and plasticizer) to be contained in 
high polymer gel electrolyte may be a typical one for lithium ion cells, and may be, 
but not limited to, such one that contains at least one kind of lithium salt (Electrolyte 
support salt) selected from among inorganic acid anion salts such as LiBOB (lithium 

15 bis oxide borate), LiPFe, IiBF4, Lia04, LiAsF6, liTaPe, liAlCU, and Li2Bioaio, 
and organic acid anion salts such as liCFaSOs, Li(CF3S02)2N, and Li(C2F5S02)2N, 
in an organic solvent (plasticizer) such an as aprotic solvent, using at least one kmd, 
or having mixed two or more kinds, selected from among cyclic carbonates such as 
propylene carbonate (PC), and ethylene carbonate (EC), chain carbonates such as 

20 dimethyl carbonate, methylethyl carbonate, and diethylcarbonate, ethers such as 
tetrahydrofuran, 2-methyltetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane, and 
1,2-dibutoxyethane, lactones such as y-butyrolactone, nitriles such as acetonitrile, 
esters such as methyl propionate, amides such as dimethyl formamide, methyl 
acetates, and methyl formates. 

25 The lithium ion-nonconductive host polymer to be contained in high 

polymer gel electrolyte may be, but not limited to, a monomer forming a gelled 
polymer such as poly vinylidene fluoride (PVDF), polyvinyl chloride (PVC), 
polyacrylonitrile (PAN), or polymethyl methacrylates (PMMA). 

It is noted that PAN, PMMA and the like are exempltSed as lithium 

30 ion-nonconductive host polymers to be contained in high polymer gel electrolyte. 
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contains a negative electrode active material, and necessary additives including an 
electrically conductive material for enhanced electron conductivity, a binder, a 
lithium salt for enhanced ion conductivity, and an electrolj^te. The additives are 
similar to those of positive electrode layer (see sec. 2.1.1b). 
5 The negative electrode active material may preferably be one of various 

kinds of graphites such as natural or artificial graphites, for example, fibrous graphite, 
scale graphite, and spheroidal graphite, various kinds of lithium alloys, and the like. 

More specifically, the positive electrode active material may preferably be 
one of carbon, graphite, and lithium-transition metal complex oxide, while carbon 
10 and lithium-transition metal complex oxide are better. 

Lithium transition metal complex oxide and carbon are excellent in 
reactivity and cycle durability, and relatively low in cost. 

They are thus advantageously used for electrodes to provide a cell' excellent 
in output characteristics. 
15 The lithium transition metal complex oxide may be a lithium-titanium 

complex oxide such as LLiHsOia, for example. 

The carbon may be graphite, hard carbon, or soft carbon, for example. 

The negative electrode layer has a preferable thickness as described (see sec. 

2.1.1a). 

20 

2.1.2 Fabrication of nonaqueous electrolvte electrodes 
2,1,2a Method of fabrication 

According to the first embodiment, a nonaqueous electrolyte electrode is 
fabricated by a method including: a step (a) of changing a quantity of a solid material 

25 to be added to compose an electrode active material layer, thereby preparing a 
plurality of kinds of electrode slurry different in density and in a concentration of the 
solid material; and a step (b) of coating a collector with the plurality of kinds of 
electrode slurry so that the concentration of the solid material is sequentially 
increased from a surface of the electrode active material layer toward the collector, 

30 thereby laminating a plurality of thin-film layers different in concentration of the 
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An identical solvent may preferably be used for the respective kinds of 
positive electrode slurry. 

The particle size of positive electrode active material may be set under 
50\Jim in consideration of the film thickness of positive electrode layer, preferably 
5 within a range of 0.1 - SOjxm, or more preferably within a range of l-20pim.. 

The initiator is properly selected in accordance with the compounds to be 
polymerized and an employed method of polymerization such as for thermal 
polymerization, photopolymerization, radiation polymerization, or electron beam 
polymerization. 

10 For instance, the initiator may be, but not limited to, benzyldimetilketarl as a 

photoinitiator, or azobis isobutyronitrile as a thermal initiator. 

For positive electrode active material, electrolyte support salt, and electric 

conduction assisting agent, the quantity of addition may be controlled in 'accordance 

with the objective of cell, etc. 
15 The addition quantity of initiator depends on the number of crosslinkable 

functional groups in an electrolyte-oriented polymer employed for the nonaqueous 

electrolyte. 

Typically, it falls within a range of about 0.01-1% in mass ratio to the 
electrolyte-oriented polymer. 
20 At the step (b) in the method of fabrication described (see sec. 2.1.2a), the 

"coating a collector with the plurality of kinds of positive electrode slurry" may 
preferably be done by one of a screen printing method, a spray coating method, an 
electrostatic spray coating method, and an ink jet method. 

The ink jet method is a method of spreading droplets of positive electrode 
25 slurry from ink jet nozzles on a collector, enabling target regions on the collector to 
be coated by a desirable uniform thin-film thickness of slurry, thus allowing the 
positive electrode slurry to be spread in optimum pattem. This is preferable. 

Spreading positive electrode sluay "in optimiun pattern" in a coating by the 
ink jet method means spreading the positive electrode slurry on a collector so that a 
30 solid material has a sequentially increaised concentration. 



wo 2005/013400 



PCT/JP2004/011021 



suffer a difficulty in passing nozzles in the use as an ink for ink jet. 

The viscosity may well be measured by an L-type viscosimeter, a rotary 
viscosimeter, etc. 

In use of a high-viscous positive electrode slurry as an ink for ink jet, the 
5 positive electrode slurry coated on a collector may have a stroke, plot or thin spot. 

In such a case, the positive electrode slurry may preferably be heated to an 
adequate viscosity, Vidth a heater provided of the ink chamber. 

Alow-viscous positive electrode slurry may have a positive electrode active 
material deposited in the ink chamber, which may well be stirred by rotary blades or 
10 the like. 

The method of spreading a positive electrode slurry by an iiik: jet system 
may preferably be one of, but not limited to: a method (1) of providing a single ink 
jet head, and independently controlliiig liquid delivery actions of a plurality of its 
minute-diameter nozzles, thereby spreading droplets on a collector surface in 

15 optimum pattern; and a method (2) of providing a plurality of ink jet heads, and 
independently controlling their liquid delivery actions, thereby spreadmg droplets on 
a collector surface in optimum pattern. 

These methods enable forming a desirable optimum pattem in a short time. 
In the methods (1) and (2) described, the "independently controlling liquid 

20 delivery actions" may include, but may not be limited to, for instance, connecting an 
ink jet printer using the ink jet head(s) to a computer available in the market or the 
Uke, preparing a desirable pattem by software, such as Power Points (by Microsoft 
Corporation) or Auto CAD (by AutoDesk Corporation), read therein, and executing 
control with electric signals from such software. 

25 In the method (1), the "spreading droplets on a collector surface in optimum 

pattem" may preferably include steps of independently controlling respective liquid 
delivery actions of the minute-diameter nozzles, thereby spreading a kind of positive 
electrode slurry on the collector surface to form a thin-film layer, and thereafter, 
repeating spreading a kind of positive electrode slurry smaller in concentration of 

30 solid material, each time to form a thin-fihn layer, thus laminating a plurality of coats 
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The soaking may preferably be made by, but not limited to, an applicator or 
coater configured for supply of minute quantity. 

The method of porimerizing electrolyte high polymer contained in positive 
electrode slurry may well be properly determined in accordance with an employed 
5 initiator, and in use of a photoinitiator for example, may be developed even in 
atmospheric air, but preferably, in an inactive atmosphere such as argon or nitrogen, 
or more preferably, in a vacuum atmosphere, within a temperature range of 0-150°C, 
still preferably, within a temperature range of 20-40*'C, for a period within a range of 
1 minute — 8 hours, yet preferably, within a range of 5 minutes - 1 hour, subject to an 
10 irradiation by ultraviolet rays. 

According to the embodiment, the positive-pole electrode may be fabricated 
otherwise. 

The positive electrode slurry may be prepared with, for 'instance, 

I 

electrolyte-oriented high polymer and initiator or the like initially added thereto. 

15 A plurality of coats of positive electrode slurry may well be laminated on a 

substrate such as an electrolyte layer (electrolyte film) or a separator soaked with 
electrolyte, preferably through a step of sequentially spreading a plurality of kinds of 
positive electrode slurry, starting from that kind which is smallest in concentration of 
solid material, for lamination to achieve a desirable concentration gradient. 

20 Thereafter, a collector may be joined on a lamination of dried and 

polymerized coats of positive electrode slurry to fabricate a positive-pole electrode, 
as another applicable method. 

2.1.2c Fabrication of electrodes for negative pole 

25 For fabrication of a negative-pole oriented electrode, at the step (a) of the 

method described (see sec. 2.1.2a), the plurality of kinds of electrode slurry are each 
respectively prepared as a corresponding solution containing a negative electrode 
active material (referred herein simply to "negative electrode slurry", or sometimes 
to "negative electrode ink" in this embodiment). 

30 This slurry may contain an electrically conductive material, a binder, an 
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electrolyte layer. 

The full-solid electrolyte-oriented high polymer may be formed as a 
compound of polymer and lithium salt by, but not limited to, polymerizing • a 
monorner from a mixture of high polymer for electrolyte and lithium salt/ 
5 The full-solid electrolyte-oriented high polymer may be formed by soaking 

a gel electrolyte or full-solid electrolyte-oriented high polymer to a separator. 

The electrolyte-oriented high polymer, lithium salt, initiator, and solvent, are 
similar to those described. 

The high-polymer gel electrolyte may be formed by, but not limited to, 
10 polymerizing a monomer by using an electrolytic solution that contains an 
electrol)^e-oriented high polymer to form a gelled polymer. 

The electrolyte-oriented high polymer and electrolytic solution, as well as 
their proportions, are similar to those described. 

However, the quantity of electrolytic solution contained in the high-polymer 
15 gel electrolyte may preferably be held substantially even therein, or reduced from the 
center in an inclined manner toward the periphery. 

The former allows reaction over a wider region, as an advantage. The 
latter has, at the periphery, an enhanced scalability against electrolytic solution of 
full-solid electrolyte-oriented high polymer, as an advantage. 
20 The smaller in thickness the nonaqueous electrolyte layer is, the better 

performance it has in reduction of internal resistance. 

The thickness of nonaqueous electrolyte layer may fall v^thin a mage of 
0.1-lOOtmi, or preferably within a range of 5-20|xm. 

This thickness refers to the thickness of nonaqueous electrolyte layer 
25 provided between positive-pole and negative-pole electrodes. 

Therefore, in some electrolyte layer fabrication method, the nonaqueous 
electrolyte layer may be formed by joining, such as by sticking together^ a plurality 
of electrolyte films identical or different in thickness. 

Even in sudi a case, the thickness of nonaqueous electrolyte layer refers to 
30 that formed by joining the electrolyte films. 
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electrodes extend outside the cell. 

The cell case may be configured to prevent external impact or 
environmental deterioration in use. 

For example, a sheath made of a laminate material having laminated high 
5 polymer films and metallic foils may be thermally fusion-bonded to be joined.along 
the periphery, or configured in an envelope form to be thermally fusion-bonded to be 
closed tight at the opening, so that lead terminals of positive-pole and negative-pole 
electrodes can be drawn out from the fusion-bonded part. 

The number of lead draw-out parts may be one or more for each lead 
10 terminal. 

The material of cell case may be else than described, for instance, plastic, 
metal, rubber, or the like, or combination of them. The configuration may also be 
film-shape, planer, or box-shape. 

The cell case may be provided with a connector for comection between a 
15 cell inner end thereof connected to a collector, and a cell outer end thereof connected 
to a lead terminal to take out a current therefirom. 

According to this embodiment, the gel electrolyte cell may be a lithium ion 
secondary cell, sodium ion secondary cell, potassium ion secondary cell, magnesium 
ion secondary cell, or calcium ion secondary cell. 
20 The lithium ion secondary cell is preferable froni a practical viewpoint. 

The nonaqueous electrolyte cell using electrodes according to the 
embodiment may be categorized by configuration or structure into, but not limited to, 
a (planer) laminate cell, a (cylindrical) rolled cell, or any known form or type else. 

As advantages, the nonaqueous electrolyte cell has no liquid to leak, and is 
25 free from the problem of short-circuit by liquid, thus having high reliability, simple 
in structure, and excellent in output characteristic. 

The nonaqueous electrolyte cell may be improved in output characteristics, 
by using a lithium-transition metal complex oxide as the positive electrode active 
material, which is a low-cost material excellent in reactivity and cycle durability, as 
30 advantage. 
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hybrid electric vehicle excellent in fuel consumption and traveling performance. 

Such an electric vehicle or hybrid electric vehicle may preferably have a set 
of complex cells mounted as a driving power supply under, but not limited to, a 
central seat of the vehicle, with an advantageous wide space left for the passenger's 
5 room or trunk room. 

The set of complex cells may be installed under a vehicular floor, or in a 
trunk room, engine room, roof space, bonnet hood, etc. 

The set of cells may preferably comprise complex cells, bipolar cells, or 
combination thereof, as suitable for the objective. 
10 The cell set of bipolar and/or complex cells may preferably be mounted in, 

but not limited to, an electric vehicle or hybrid electric vehicle. 

2.2 Details of second embodiment fg el electrolvte electrodes) 
2.2.1 Configuration of pel electr olvte electrode 

15 2.2.1a Gel electrolvte electrode 

The electrode active material layer having such a concentration gradient 
may preferably be configured with, but not limited to, a number of laminated 
thin-film layers different from each other in density as well as in electrolyte salt, 
concentration. The number of laminated thin-fikn layers may be two or more, and 

20 more preferably three or more. When the number of laminated thin-film layers is 
less than two, it becomes possible to perforai rapid discharge at an increased ion 
concentration, for example, but the capacity at a normal rate is lowered. On the 
contrary, when the ion concentration is deoreased, the capacity at a normal rate is 
increased, but the rapid discharge is difficult. 

25 The electrolyte salt to be used in the electrode of this second embodiment 

may be, but not limited to, BETI (lithium bis (perfluoro ethylene sulfonyl imide), i,e., 
Li(C2F5S02)2N), LiBF4, UPFe, LiN(S02CF3)2, LiNCSOzCsFs)!, and LiBOB (Uthium 
bis oxide borate), or mixtures thereof. 

Components of the electrode will be described below. 

30 The collector may be typical or general, and may preferably be, for example. 
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These lithium transition metal complex oxides are excellent in reactivity and 
cycle durability, and relatively low in cost. 

They are thus advantageously used for electrodes to provide a cell excellent 
in output characteristics- 
5 The positive electrode active material may preferably be one of phosphates 

or sulfates of lithium and transition metal, such as LiFeP04; transition metal oxides 
or sulfides, such as V2O5, Mn02, T1S2, M0S2, and M0O3; and other applicable 
compounds such as Pb02, AgO, and NiOOH. 

The particle size of positive active material may preferably fall within a 
10 range of 0.1-50[xm, or more preferably within a range of l-20\xm. 

The preferable particle size range excludes a range under 0.1|xm where the 
difiSculty of fabrication may fail to provide a desirable charge or discharge 
characteristic, and a range over 50\xm where one may suffer a difficulty in mbbing to 
the positive electrode active material. 
15 The electrically conductive material may preferably be acetylene black, 

carbon black, graphite, or the like. 

The binder may be of, but not limited to, poly vinylidene fluoride (PVDF), 
SBR, polyimide, or the like. 

For the electrolyte salt, refer to the foregoing description, 
20 In case of using, as the electrolyte layer, a separator impregnated with gel 

electrolyte or electrolytic solution, the positive electrode layer needs not to contain 
electrolyte, but needs to contain a known binder for mutually binding particles of the 
positive electrode active material. 

The electrolyte may preferably be a gel electrolyte for an enhanced li-ion 
25 conductivity. The gel electrolyte, which typically contains an electrolytic solution 
in an ion-conductive full-solid high polymer electrolyte, may be such one that 
additionally has a similar electrolytic solution held in a frame of a lithium 
ion-nonconductive electrolytic high polymer (host polymer). 

The electrolytic solution (electrolyte salt and plasticizer) to be contained in 
30 gel electrolyte may be a typical one for lithium ion cells, and may be, but not limited 
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material layer (referred herein sometimes simply to "negative electrode layer") 
contains a negative electrode active material and electrolyte salt for enhanced ion 
conductivity, as well as necessary additives including an electrically conductive 
material for enhanced electron conductivity, a binder, an electrolyte, and a film 
forming material for forming a fihn. Other additives else than the negative 
electrode active material and film forming material may be similar to those of 
positive electrode layer (see sec. 2.2.1b). 

The negative electrode active material may preferably be one of various 
kinds of graphites such as natural or artificial graphites, for example, fibrous graphite, 
scale graphite, and spherical graphite, various kinds of lithium alloys, and the like. 

More specifically, the positive electrode active material may preferably be 
one of carbon, graphite, and lithium-transition metal complex oxide, while carbon 
and lithium-transition metal complex oxide are better. 

lithium transition metal complex oxide and carbon are excellent in 
reactivity and cycle durability, and relatively low in cost. 

They are thus advantageously used for electrodes to provide a cell excellent 
in output characteristics. 

The lithium transition metal complex oxide may be a lithium-titanium, 
complex oxide such as li4Ti50i2, for example. 

The carbon may be graphite, hard carbon, or soft carbon, for example. 
The film formmg material means a variety of additives for forming 
decomposition-product fihn (solid electrolyte interface: SEI film) by reductive 
decomposition of the gel electrolyte, on the negative electrode surface. The film to be 
formed is characteristically required to be thin, to have a higher ion conductivity, and 
to restrict infiltration of electrolyte into the electrode. 

The film forming raw material may thus be any of succinic anhydride, 
l,6-dioxaspiro[4,4]nonane-2,7-dione, l,4-dioxaspiro[4,5]decane-2-one, and the like; 
and besides, carbonates such as vinylene carbonate, trifluoropropylene carbonate, 
catechol carbonate; cyclic ethers such as 12-crown-4-ether; acid anHydrides such as 
glutaric anhydride; cyclic ketones such as cyclopentanone, cyclohexanone; sultones 
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film forming material may be appropriately determined to obtain a desirable 
electrode. 

The electrode, positive or negative in polarity, may preferably have a 
thickness of electrode active material layer within a range of 1-100 jim, more 
preferably within a range of 5-50 ^tm: 

The preferable thickness range of electrode active material layer excludes a 
thickness range under 1 [xm where the formation of concentration gradient is very 
difficult, and a thickness range over 100 pim where the ion diffusion distance may be 
too great to ensure high output. 

2,2,2 Fabrication of gel electrolyte electrodes 
2.2,2a Method of fabrication 

According to the second embodiment, a gel electrolyse electrode is 
fabricated by a method including: a step (a) of changing a quantity of an electrolyte 
salt to be added to compose an electrode active material layer, thereby preparing a 
plurality of kinds of electrode slurry different density as well as in a concentration of 
the electrolyte salt; and a step (b) of coating a collector with a sequence of the 
plurality of kinds of electrode slurry so that the electrode active material layer has a 
density gradient developed with a concentration gradient of the electrolyte salt from 
a siuface of the electrode active material layer toward the collector, thereby 
laminating a plurality of thin-fihn layers different density as well as in the 
concentration of the electrolyte salt. 

This method can provide the electrode according to the second embodiment, 
in which a plurality of thin-fihn layers different m concentration of an electrolyte salt 
are laminated to have a concentration gradient with which the electrolyte salt has a 
concentration gradient from a surface of an electrode active material layer toward a 
coUector. 

2.2.2b Fabrication of electrodes for positive pole 

For fabrication of a positive-pole oriented electrode, at the step (a) of the 
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may be controlled in accordance with the objective of cell, etc. 

The addition quantity of initiator depends on the number of crosslinkable 
functional groups in an electrolytic high polymer employed for the gel electrolyte. 

Typically, it falls within a range of about 0.01-1% in mass ratio to the 
5 electrolytic high polymer. 

At the step (b) in the method of fabrication described (see sec. 2.2.2a), the 
"coating a collector with the plurality of kinds of positive electrode slurry" may 
preferably be done by one of a screen printing method, a spray coating method, an 
electrostatic spray coating method, and an ink jet method. 
10 The ink jet method is a method of using a positive electrode slurry as an ink 

for ink jet and spreading droplets of positive electrode slurry from ink jet nozzles on 
a collector, enabling target regions on the collector to be coated by a. desirable 
uniform thin-film thickness of slurry, thus allowing the positive electrode' sliirry to be 
spread in an optimum pattern. This is preferable. 
15 Spreading positive electrode slurry "in an optimum pattern" in a coating by 

the ink jet method means spreading the positive electrode slurry on a collector so that 
an electrolyte salt has a desirable concentration gradient. 

The Inkjet method employs a known drop-on-demand system. 
Tlie system may preferably be a piezo type in which a ceramic piezo 
20 element deforms with a voltage imposed thereon to deliver liquid. 

In the piezo type, electrode materials contained in the positive electrode 
slurry (i.e. positive electrode ink) are excellent in thermal stability so that the 
quantity of ink to be spread is variable, 

A piezo type ink jet head is adapted to deliver various kinds of liquid 
25 relatively high of viscosity with an ensured stability and precision better than other 
types, within an ejtfective delivery range up to a viscosity of lOPa • s(lOOcp). 

A typical piezo type ink jet head is configured with an ink chamber for 
storing a positive electrode ink in the head, and an ink introducing part 
communicating with the ink chamber via an ink chaimel. 
30 This ink jet head has a multiplicity of nozzles arrayed in a lower portion 
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minute-diameter nozzles, thereby spreading droplets on a collector surface in 
optimum pattern; and a method (2) of providing a plurality of ink jet heads, and 
independently controlling their liquid delivery actions, thereby spreading droplets on 
a collector surface in an optimum pattern. 
5 These methods enable forming a desirable optimum pattern in a short time. 

In the methods (1) and (2) described, the "independently controlling liquid 
delivery actions" may include, but may not be limited to, for instance, connecting an 
ink jet printer using the ink jet head(s) to a computer available in the market or the 
like, preparing a desirable pattern by software, such as Power Points (by Microsoft 

10 Corporation) or Auto CAD (by AutoDesk Corporation), read therein, and executing 
control with electric signals from such software. 

In the method (1), the "spreading droplets on a collector surface in an 
optimum pattern" may exemplarily and preferably include steps of indei)endently 
controlling respective liquid delivery actions of the minute-diameter nozzles, thereby 

15 spreading a kind of positive electrode slurry on the collector surface to form a 
thin-film layer, and thereafter, repeating spreadmg a kind of positive electrode slurry 
lower in concentration of electrolyte salt, each time to form a thin-film layer, thus 
laminating a plurality of coats of positive electrode slurry different in concentration, 
to achieve a desirable concentration gradient. Droplets of positive electrode slurries 

20 different in electrolyte salt concentration are delivered and mixed to thereby form 
thin-film layers. Further, the method may include a step of laminating a plurality of 
thin-film layers different in electrolyte salt concentration in a suitable manner to 
obtain a desirable concentration gradient. 

In the method (2), the "spreading droplets on a collector surface in an 

25 optimum pattern" may exemplarily and preferably include a step of independently 
controlling the respective ink jet heads, thereby spreading delivered and mixed 
droplets of a plurality of kinds of positive electrode slurry different in concentration 
of electrolyte salt, thereby forming thin-film layers. Further, the method may 
include a step of laminating a plurality of thin-film layers different in electrolyte salt 

30 concentration in a suitable manner to obtain a desirable concentration gradient 
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laminated on a substrate such as an electrolyte layer or a separator soaked with 
electrolyte, preferably through a step of sequentially spreading a plurality of kinds of 
positive electrode slurry, starting from that kind which has an electrolyte salt 
ODUcentration adjusted to a predetermined value, for lamination to achieve a 
5 desirable concentration gradient. 

Thereafter, a collector may be joined on a lamination of dried and 
polymerized coats of positive electrode slurry to fabricate a positive-pole electrode, 
as another applicable method. 

10 2.2.2c Fabrication of electrodes for negative pole 

For fabrication of a negative-pole oriented electrode, at the step (a) of the 
method described (see sec. 2.2.2a), the plurality of kinds of electrode slurry, are each 
respectively prepared as a corresponding solution containing a negative electrode 
active material (referred herein simply to "negative electrode slurry", or sometimes 

15 to "negative electrode ink" in this embodiment) and an electrolyte salt. This slurry 
may contain an electrically conductive material, a binder, an electrolytic high 
polymer as a raw material of gel electrolyte, an initiator, a film forming raw material, 
and the like, as necessary. 

For the negative electrode active material, electrically conductive material, 

20 binder, electrolytic high polymer, electrolyte salt, initiator, solvent, film forming raw 
material and the like, refer to the foregoing description. 

The particle size of negative electrode active material may preferably be set 
within a range under 50 m™> or more preferably, within a range of 0.1-20[im, as such 
particles are spread in the negative electrode active material layer. 

25 At the step (b) in the method of fabrication described (see sec. 2.2.2a), the 

"coating a collector with the plurality of kinds of negative electrode slurry" may 
preferably be done in a similar manner to the positive electrode slurry. 

The aforementioned manufacturing method is to form an electrode such that 
the electrolyte salt has a desirable concentration gradient. However, this 

30 embodiment is not limited thereto, and the electrode may be formed such that the 
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withstand high rate charge or discharge, which are employed to obtain a gel 
electrolyte cell excellent in performance. 

For example, there can be provided a cell specialized in high rate discharge, 
when the cell comprises: a positive electrode comprising a collector and a 
5 positive-electrode oriented active material layer such that the plositive electrode has 
an electrolyte salt concentration gradient increased along the thickness firom a 
positive-electrode oriented electrolyte layer surface toward the collector; a negative 
electrode comprising a collector and a negative-electrode oriented active material 
layer such that the negative electrode has an electrolyte salt concentration gradient 

10 decreased along the thickness from a negative-electrode oriented electrolyte layer 
surface toward the collector; and an electrolyte layer. 

In a conventional cell having a constant concentration of electrolyte salt in 
the electrodes, there was a possibility of depletion of Li ion in the positive electrode 
at high rate discharge. Further, when the concentration of an electrolyte salt is kept 

15 uniform in the negative electrode, Li-ion conductivity might be lowered. However, 
the negative electrode in the cell of this embodiment contains the electrolyte salt 
having the aforementioned concentration gradient, so that the negative electrode 
readily releases Li ion. Further, the positive electrode contains the electrolyte salt 
having such a concentration gradient that the electrolyte salt concentration of the 

20 positive-electrode oriented active material layer is high near the collector. This 
facilitates diffusion of li ion, and the large amount of electrolyte salt is contained in 
the positive-electrode oriented active material layer near the collector to tiaereby 
avoid deplete of Li ion, thereby avoiding occurrences of over-voltage. 

In the cell at high rate charge, it is sufiBcient to establish concentration 

25 gradients opposite to those of the electrodes (positive and negative electrodes) at 
discharge. Namely, there can be provided a cell specialized in high rate charge such 
as regeneration, by configuring the cell with: a positive electrode comprising a 
collector and a positive-electrode oriented active material layer such that the positive 
electrode has a gradient of an electrolyte salt concentration decreased along the 

30 thickness frorn a positive-electrode oriented electrolyte layer surface toward the 
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described. 

The gel electrolyte may be formed by, but not limited to, polymerizing a 
monomer by using an electrolytic solution that contains an electrolytic high polymer. 

The electrolytic high polymer and electrolytic solution, as well as their 
5 proportions, are similar to those described. 

However, the quantity of electrolytic solution contained in the gel 
electrolyte may preferably be held substantially even therein, or reduced from the 
center in an inclined manner toward the periphery. 

The former allows reaction over a wider region, as an advantage. The 
10 latter has, at the periphery, an enhanced sealability against electrolytic solution of 
full-solid high polymer electrolyte portion, as an advantage. 

The smaller in thickness the gel electrolyte layer is, the better performance it 
has in reduction of internal resistance. 

The thickness of electrolyte layer may fall within a range of 0.1-lOOjxm, 
15 preferably within a range of l-20|jLm, or more preferabltwithin a range of 5-20^™. 

This thickness refers to the thickness of electrolyte layer provided between 
positive-pole and negative-pole electrodes. 

Therefore, in some electrolyte layer fabrication method, the electrolyte layer . 
may be formed by joining, such as by sticking together, a plurality of electrolyte 
20 Shns identical or different in thickness, or coating them by an ink jet method. Even 
in such a case, the thickness of electrolyte layer refers to that formed by joining the 
electrolyte films. 

The gel electrolyte cell according to this embodiment may be fabricated by, 
but not limited to, steps of forming a positive electrode active material layer on a 
25 collector in a described manner, laminating thereon an electrolyte layer and a 
negative electrode electrolyte layer to provide a lamination by an ink jet system, 
holding this between collectors or the like, and sealing a resultant laminate with a 
cell case so that simply positive-pole and negative-pole electrode leads extend 
outside the cell. 

30 . The gel electrolyte layer, positive-pole electrode, and negative-pole 
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to a lead terminal to take out a current therefrom. 

According to this embodiment, the gel electrolyte cell may be a lithium ion 
secondary cell, sodium ion secondary cell, potassium ion secondary cell, magnesium 
ion secondary cell, or calcium ion secondary cell. 

The lithium ion secondary cell is preferable from a practical viewpoint. 

The gel electrolyte cell using electrodes according to the embodiment may 
be categorized by configuration or structure into, but not lunited to, a (planer) 
laminate cell, a (cylindrical) rolled cell, or any known form or type else. 

As advantages, the gel electrolyte cell has no liquid to leak, and is free from 
the problem of short-circuit by liquid, thus having high reUability, simple in structure, 
and excellent in output characteristic. 

The gel electrolyte cell may be improved in output characteristics, by using 
a lithium-transition metal complex oxide as the positive electrode active' material, 
which is a low-cost material excellent in reactivity and cycle durability, as advantage. 

The gel electrolyte cell may have an advantage in cost and workability, by 
employing the (planer) laminate structure which can provide an ensured long 
reliability by a simple sealing technique such as a thermal pressure bonding. 

2.2.3b Bipolar ceU 

From the viewpoint of intemal electrical connection (electrode stmcture), 
the gel electrolyte ceU according to this embodiment may be categorized into a 
bipolar cell (an internally serial-connected type) or non-bipolar cell (an internally 
parallel-connected type). 

The bipolar cell has a relatively high voltage as a simplex cell, and allows 
fabrication of a cell excellent in capacity and output characteristics. 

The gel electrolyte cell according to this embodiment may preferably be 
fabricated as an excellent bipolar lithium ion secondary cell (referred herein 
sometimes simply to "bipolar cell"). 

2.2.3c C om plex cell 
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3.1 Examples of first embodiment 

The first embodiment is exemplified below. 

-^■1.1 Example-l 

5 3.1.1a Preparation of positive electrode ink . 

A quantity (90g in weight) of spinel structure IiMn204 (particle size: 0*6 M 
m in average) as a positive electrode active material, a quantity (5g in weight) of 
acetylene black as an electrically conductive material, and a quantity (5g in weight) 
of polyvinjdidene fluoride as a binder were mixed, and as a solvent to this mixture a 

10 quantity (3(X)g in weight) of acetonitrile was admixed, thereby preparing a kind of 
slurry as a positive electrode ink-1. The positive electrode ink-1 had a viscosity of 
3 cP at a temperature of 25°C. 

Next, the positive electrode active material, electrically conductive material, 
and binder were mixed in the same amounts as those of the positive electrode ink-1, 

15 and as a solvent to this mixture a quantity (500g in weight) of acetonitrile was 
admixed, thereby preparing another kind of slurry as a positive electrode ink-2 
thinner in solid concentration than the positive electrode ink-1. The positive 
electrode ink-2 had a viscosity of 2 cP at a temperature of 25*'C. 

Further, the positive electrode active material, conductive material, and 

20 binder were mixed in the same amounts as those of the positive electrode ink-1, and 
as a solvent to this mixture a quantity (900g in weight) of acetonitrile was admixed, 
thereby preparing yet another kind of slurry as a positive electrode ink-3 thinner in 
soUd concentration than the positive electrode ink-2. The positive electrode ink-3 
had a viscosity of 1 cP at a temperature of 25'*C. 

25 

3.1 .lb Preparation of negative electrode ink 

A quantity (90g in weight) of pulverized graphite (particle size: 0.7 /xm in 
average) as a negative electrode active material, a quantity (5g in weight) of 
acetylene black as an electrically conductive material, and a quantity (5g in weight) 
30 of polyvinylidene fluoride as a binder were mixed, and as a solvent to this mixture a 
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There had been an issue in use of similar inks, such that a plastic member 
forming an ink-introducing part of the ink jet printer was dissolved by acetonitrile as 
a solvent. Therefore, the plastic member was replaced with a metallic member, and 
ink was directly supplied from an ink sump to the metallic member. Additionally, to 
5 avoid a precipitation of active material due to a reduced ink viscosity, the ink sump 
was stirred using a rotary blade at all times. 

The ink jet printer was controlled with a commercially available computer 
and software. For fabrication of a positive electrode, the positive electrode ink-1 to 
positive electrode ink-3 were all used. They were printed by the ink jet printer, in a 
10 pattern mapped from the computer. To avoid the difficulty in a direct feed of 
metallic foil and non-aqueous electrolyte film to the printer, these electrode 
components were stuck on an A4-size sheet of high-quality paper, which was 
supplied to the printer for printing. 

The positive electrode ink-1 to positive electrode ink-3 were introduced into 
15 the ink jet printer improved in the described maimer, whereby they were printed in 
their print patterns mapped from the computer on a current collector (corresponding 
to collector 1 of FIG 2 or FIG 3) of a stainless steel foil 20 Mm thick, to thereby 
form a positive electrode layer (corresponding to a combination of 1+ 12 of FIG 2 or 
combination of 1+22 of FIG 3) composed of the collector and a positive electrode 
20 active material layer (corresponding to electrode active material layer 12 of FIG 2 or 
22 of FIG 3) formed thereon. 

More specifically, a positive electrode thin layer-l (corresponding to zone 
12c of FIG 2 or coat 22c of FIG 3) was printed with a thickness of 5 Mm on the 
collector, by applying the positive electrode ink-1. Then, another positive electrode 
25 thin layer-2 (corresponding to zone 12b of FIG 2 or coat 22b of FIG 3) was printed 
with a thickness of 5 Mm on the positive electrode thin layer-l, by applying the 
positive electrode ink-2. Further, yet another positive electrode thin layer-3 
(corresponding to zone 12a of FIG. 2 or coat 22a of FIG 3) was printed with a 
thickness of 5 Mm on the positive electrode thin layer-2, by applying the positive 
30 electrode ink-3. In order to dry solvent of each printed positive electrode thin layer. 
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electrode thin layer-l (corresponding to zone 12c of FIG 2 or coat 22c of FIG. 3) was 
printed with a thickness of 5 At m on the negative electrode thin layer-2, by applying 
the negative electrode ink-1. In order to dry solvent of each printed negative 
electrode thin layer, the thin layer was dried in an evacuated oven at a temperature of 
5 60°C for two hours. 

The electrolyte ink was impregnated into the dried negative electrode thin 
layer ! to negative electrode thin layer-3, which were irradiated with ultra violet rays 
for twenty minutes under an evacuated condition, thereby having nonaqueous 
electrolyte retained in the negative electrode thin layer-l to negative electrode thin 
10 layer-3. 

Through the three times of pattern printing, the active material layer of the 
negative electrode layer was formed with a density gradient developed with a 
gradient of solid concentration increased along the thickness from a bottom surface 
of the negative electrode active material layer toward a top surface thereof. 

15 The top surface of the negative electrode active material layer was covered 

with a current collector. A resultant lamination of positive electrode layer, 
nonaqueous electrolyte layer, negative electrode layer, and collector had a 
sandwiched structure between current-collecting stainless steel foils, of which an 
entirety was enclosed and sealed with an aluminum laminate material to be molded, 

20 simply having positive-pole and negative-pole lead wires exposed outside, to provide 
a nonaqueous electrolyte secondary ceU. 

3.1,2 Comparative example-1 

3.1.2a Formation of positive electrode layer 

25 A quantity (90g in weight) of spinel stracture LiMn204 as a positive 

electrode active material, a quantity (5g in weight) of acetylene black as an 
electrically conductive material, a quantity (5g in weight) of polyvinylidene fluoride 
as a binder, and a quantity (lOOg in weight) of acetonitrile as a solvent were mixed, 
thereby preparing a positive electrode slurry. This slurry was coated on one side of 

30 a stainless steel foil (20 Mm thick) as a current collector. Then, the coated slurry 
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sandwiched in between. Then, an entirety of this lamination was enclosed and 
sealed with aluminum laminate fflms constituting a cell exterior to be molded, simply 
having positive-pole and negative-pole lead wires exposed outside, to provide a gel 
electrolyte secondary cell. 

5 

3.1.2e Evaluation 

The secondary cell fabricated in the example-1 and that in the comparative 
example-1 were put in a thermostatic chamber, where their temperatures were held at 
25°C, to enter a discharge performance test using a charge-discharge device. 

10 In the discharge performance test, the secondary cells were charged at a 

constant current with a constant voltage up to a full charge state (4.2V), and subjected 
to a constant-current discharge at a current rate of 20 CA to a reduced level of 2.5V, 
before measurements of their discharge capacities in a high-rate discharge to 
determine their discharge rates {(discharge capacity at 10 CA/ theoretical capacity) x 

15 100 %}, of which results are listed in Table-1. 

The theoretical capacity of secondary cell was determined on bases of a 
theoretical capacity of employed positive electrode active material and a quantity of 
coated positive electrode active material. 



Table 1 





Example-1 


Comparative example-1 


Discharge rate at high-rate 

discharge, % 


84 


53 



As in Table 1, the discharge rate was 84% for example-1, but 53% for 
comparative example-1, thus proving the secondary cell of the former to be superior. 



3.2 Examples of second embodiment 

The second embodiment is exemplified below. 

,^,2.1 Example-2 

3.2.1a Preparation of positive electrode ink 

A quantity (90g in weight) of spinel structure LiMn204 (particle size: 0.6 M 
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average) as a negative electrode active material, a quantity (5g in weight) of 
acetylene black as an electrically conductive material, a quantity (5g in weight) of 
polyvinylidene fluoride as a binder, a quantity (40g in weight) of LiBETI as an 
electrolyte salt, a quantity (40g in weight) of macromer between polyethylene oxide 

5 and polypropylene oxide as an electrolyte^ polymer similar to that employed in the 
preparation of positive electrode ink, and a quantity (0.1 mass % of the electrolyte 
polymer) of benzyldimethyl-ketal as a photochemical polymerization initiator were 
mixed, and as a solvent to this mixture a quantity (820g in weight) of acetonitrile was 
adimxed, thereby preparing a kind of slurry as a negative electrode ink-4. The 

10 negative electrode ink-4 had a viscosity of 3 cP at a temperature of 25 ''C. 

Next, the same quantities of negative electrode active material, electrically 
conductive material, binder, electrolyte polymer, and photochemical polymerization 
initiator as the negative electrode ink-4 were mixed with a quantity (30g in weight) of 
LiBETI as an electrolyte salt, and as a solvent to this mixture a quantity (830g in 

15 weight) of acetonitrile was admixed, thereby preparing another kind of slurry as a 
negative electrode ink-5 thinner in electrolyte salt concentration than the negative 
electrode ink-4: The negative electrode ink-5 had a viscosity of 3 cP at a 
temperature of 25^C. 

Further, the same quantities of negative electrode active material, 

20 electrically conductive material, binder, electrolyte polymer, and photochemical 
polymerization initiator as the negative electrode ink-4 were mixed with a quantity 
(20g in weight) of LiBETI as an electrolyte salt, and as a solvent to this mixture a 
quantity (840g in weight) of acetonitrile was admixed, thereby preparing yet another 
kind of slurry as a negative electrode ink-6 thinner in electrolyte salt concentration 

25 than the negative electrode ink-5. The negative electrode ink-6 had a viscosity of 3 
cP at a temperature of 25 ""C. 

3.2,1c Preparation of electrolyte ink 

A quantity (160g in weight) of macromer between polyethylene oxide and 
30 polypropylene oxide as an electrolyte polymer identical to that in the preparation of 



\ 
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active material layer (corresponding to electrode active material layer 32 of FIG 4 or 
42 of FIG 5) formed thereon. 

More specifically, a positive electrode thin layer-4 (corresponding to zone 
32c of FIG 4 or coat 42c of FIG 5) was printed with a thickness of 5 At m on the 
5 collector, by applying the positive electrode ink-4. Then, another positive electrode 
thin layer-5 (corresponding to zone 32b of FIG 4 or coat 42b of FTG 5) was printed 
with a thickness of 5 Mm on the positive electrode thin layer-4, by applying the 
positive electrode ink-5. Further, yet another positive electrode thin layer-6 
(corresponding to zone 32a of FIG 4 or coat 42a of FIG 5) was printed with a 

10 thickness of 5 Mm on the positive electrode thin layer-5, by applying the positive 
electrode ink-6* Iq order to dry solvent of each printed positive electrode thin layer, 
the thin layer was dried in an evacuated oven at a temperature of 60^*0 for two hours. 

The positive electrode thin layer-4 to positive electrode thin layer-6 were 
irradiated with ultra violet rays for twenty minutes under an evacuated condition, 

15 thereby having gel electrolyte retained in the positive electrode thin layer-4 to 
positive electrode thin layer-6. Through the three times of pattern printing, the 
active material layer of the positive electrode layer was formed with a density 
gradient developed with a gradient of electrolyte concentration increased along the 
thickness from a surface of the positive electrode active material layer toward the 

20 current collector. 

Next, the electrolyte ink was introduced into the improved ink jet printer, 
whereby it was printed over the positive electrode layer, so that it was spread over 
the active material layer with a slight overhang at edges thereof. The positive 
electrode layer having an electrolyte layer thus printed was dried in an evacuated 

25 oven at a temperature of 60°C for two hours, thereby drying solvent, and was 
irradiated with violet rays under an evacuated condition for twenty minutes, thereby 
polymerizing electrolyte polymer, so that a gel electrolyte layer (corresponding to 
layer 3 of FIG 4 or FIG 5) was formed on the active material layer of the positive 
electrolyte layer. The gel electrolyte layer was uniform without irregularities. 

30 Then, the negative electrode ink-4 to negative electrode-6 were introduced 
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electrode active material, a quantity (5g in weight) of acetylene black as an 
electrically conductive material, a quantity (5g in weight) of polyvinylidene fluoride 
as a binder, and a quantity (lOOg in weight) of acetonitrile as a solvent were mixed, 
thereby preparing a positive electrode slurry. This slurry was coated on one side of 
5 a stainless steel foil (20tf m thick) as a current collector. Then^ the coated slurry 
was dried at a temperature of approximately llO'^C, so that a 15 Mm thick positive 
electrode layer was formed. 

3.2.2b Formation of negative electrode layer 

10 A quantity (90g in weight) of pulverized graphite (particle size: 0.6 Um in 

average) as a negative electrode active material, a quantity (5g in weight) of 
acetylene black as an electrically conductive material, a quantity (5g in weight) of 
polyvinylidene fluoride as a binder, and a quantity (lOOg in weight) of acetonitrile as 
a solvent were mixed, thereby preparing a negative electrode slurry. This slurry was 

15 coated on the above-noted stainless steel foil, at the opposite side to the positive 
electrode laj^er. Then, the coated slurry was dried at a temperature of approximately 
110°C, so that that a 15 m thick negative electrode layer was formed. 

3.2.2c Formation of gel electrolyte layer 

20 A quantity (160g in weight) of maoromer between polyethylene oxide and 

polypropylene oxide as an electrolyte polymer identical to that of example-2, a 
quantity (240g in weight) N-methyl pyrolidene as a solvent, a quantity (80g in 
weight) of O.IM liBETI as an electrolyte salt, and a quantity (0.1 mass % of the 
electrolyte pol5mer) of benzyldimethyl-ketal as a polymerization initiator were 

25 mixed, thereby preparing a pre-gel solution. This solution was impregnated into a 
piece of PP-made unwoven fabric (100 Mm thick), which was subjected to a thermal 
polymerization under an inactive atmosphere at a temperature of PO^'C, thereby 
forming a separator having gel electrolyte retained therein. 
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Part-4 Supplements 

It is noted that the "density gradient" of electrode active material layer is a 
collective expression of, and includes, an intended change or gradient of 
concentration or a plurality of intended co-existing changes or gradients of 
5 concentrations of one or more constituent elements or in^edients (e.g- solids, 
electrolyte salts, and/or film forming raw materials) in that layer, and the artisan may 
provide a very critical or substantially critical configuration in which the density is 
strictly or substantially kept constant at least in a thickness direction of the layer, 
allowing for intentionally varied proportions of ingredients to provide a changed 

10 ingredient concentration for, e.g., changing the resistance to diffusion of mobile 
particles, such as ions. 

The entire contents of Japanese Patent Application No. 2003-283974 filed 
July 31, 2003, in Japan, and Japanese Patent Application No. 2003-283975 'filed July 
31, 2003, in Japan are incorporated herein by reference. 

15 Although the invention hais been described above by reference to some 

embodiments of the invention, the invention is not limited to the embodiments 
described. Modifications and variations of the embodiments will occur to those 
skilled in the art, in light of the teachings. The scope of the invention is defined 
with reference to the following claims. 

20 

Industrial Applicability 

The present invention has wide applications to the industrial field of 
secondary cells, in particular to configuration, fabrication, and industrial application 
of nonaqueous electrolyte electrodes and gel electrolyte electrodes to be adapted for 
25 high rate charge or discharge. 
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electrode active material layer toward the collector. 

10. The secondary cell electrode as claimed in claim 9, wherein the 
electrode active material layer comprises a plurality of laminated thin film layers 
different in concentration of the film forming material. 
5 11. The secondary cell electrode as claimed in claim 1, comprising a gel 

electrolyte cell-oriented electrode in which the electrode active material layer is 
formed on a collector, having the density gradient developed with gradients of 
concentrations of an electrolyte salt and a film forming material along a thickness 
firom a surface of the electrode active material layer toward the collector. 

10 12. The secondary cell electrode as claimed in claim 11, wherein the 

electrode active material layer comprises a plurality of laminated thin film layers 
different in concentrations of the electrolyte salt and the film forming material. 

13. The secondary cell electrode as claimed in claim 1, wherein the 
electrode active material layer has a thickness within a range of 1-100}ju2i. 

15 14. A fabrication method comprising fabricating a secondary cell electrode 

comprising an electrode active material layer having a density gradient. 

15. The fabrication method as claimed in claim 14, wherein the secondary 
cell electrode comprises a nonaqueous electrolyte cell-oriented electrode, . 
comprising: 

20 (a) changing a quantity of a solid to be added to compose the electrode 

active material layer, thereby preparing a plurality of kinds of electrode slurry 

different in concentration of the soUd; and 

(b) coating a collector with the plurality of kinds of electrode slurry so that 

the density gradient is developed with a gradient of an concentration of the solid 
25 sequentially increased from a surface of the electrode active material layer toward 

the collector, thereby laminating a plurality of thin film layers different in 

concentration of the solid. 

16. The fabrication method as claimed in claim 15, wherein the thin film 
layer is coated by a thickness within a range of l-lOO^im in the step (b). 

30 17. The fabrication method as claimed in claim 15, wherein the electrode 
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the density gradient is developed with gradients of concentrations of the electrolyte 
salt and the film forming raw material from a surface of the electrode active material 
layer toward the collector, thereby laminating a plurality of thin film layers different 
in concentrations of the electrolyte salt and film forming raw material. 
5 22. The fabrication method as claimed in claim 19, wherein the thin film 

layer is coated by a thickness within a range of l-100|jun in the step (b). 

23. The fabrication method as claimed in claim 20, wherein the thin film 
layer is coated by a thickness within a range of 1-lOOijun in the step (b). 

24. The fabrication method as claimed in claim 21, wherein the thin film 
10 layer is coated by a thickness within a range of l-100|Jin in the step (b). 

25. The fabrication method as claimed in claim 19, wherein the electrode 
slurry is coated onto the collector by an ink jet method in the step (b). 

26. The fabrication method as claimed in claim 20, wherein the blectrode 
slurry is coated onto the collector by an ink jet method in the step (b). 

15 27. The fabrication method as claimed in claim 21, wherein the electrode 

slurry is coated onto the collector by an ink jet method in the step (b). 

28. The fabrication method as claimed in claim 25, wherein the ink jet 
method employs a piezo system. 

29. The fabrication method as claimed in claim 26, wherein the ink jet 
20 method employs a piezo system. 

30. The fabrication method as claimed in claim 27, wherein the ink jet 
method employs a piezo system. 

31. A secondary cell comprising the secondary cell electrode of claim 1. 

32. The secondary cell as claimed in claim 31, wherein the secondary cell is 
25 a lithium ion secondary cell. 

33. The secondary cell as claimed in claim 31, wherein the secondary cell is 
a bipolar cell. 

34. The secondary cell as claimed in claim 31, comprising: 

a positive electrode comprising a first collector, and a positive-electrode 
30 oriented active material layer having a gradient of an electrolyte salt concehtiration 
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39- The secondary cell as claimed in claim 31, wherein the density gradient 
is developed with a concentration gradient of an ingredient of an active material layer 
of the secondary cell electrode. 

40. A complex cell comprising a plurality of secondary cells according to 
5 claim 1, connected d to each other. 

41. A complex cell comprising a plurality of secondary cells fabricated by 
the fabrication method of claim 14, connected to each other, 

42- A vehicle including a secondary cell according to claim 1. 
43. A vehicle including a secondary cell fabricated by the fabrication 
10 method of claim 14. 
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(54) BATTERY 
(57)Abstract: 

PURPOSE: To achieve an increased battery 
performance by enliancing the reactivity and improving 
the current-collecting effect of an organic polymer 
electrode by making the reactive area of the organic 
polymer electrode to have a low density and making its 
non-reactive area to have a high density and attaching a 
current collector to the non-reactive area. 
CONSTITUTION: In a battery constituted by using an 
organic polymer such as polyacetylene or polyphenylene 
for at least one of the electrodes, an organic polymer 
electrode 1 consists of a low-density area 2 reactive 
with a counter electrode 5 and a high-density area non- 
reactive with the electrode 5. A current collector 7 is 
attached to the non-reactive area 3. As a result, a large 
surface area of the reactive area 2 contributes to the 
reaction. Besides, the area to which the current 
collector 7 is attached has a high electric conductivity 
and a superior current-collecting effect, thereby 
increasing the performance of the battery. 
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(54) MULTILAYER ELECTRODE STRUCTURE. BATTERY USING THE SAME. ELECTRICAL 
DOUBLE LAYER CAPACITOR. AND THEIR MANUFACTURING METHODS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a multilayer 
electrode structure, a battery, and an electrical double 
layer capacitor, which have a good adhesion and a low 
resistance. 

SOLUTION: A first electrode layer, which is arranged to 
be in contact with a collector material of a multilayer 
electrode structure, a battery using the same structure 
and an electrical double layer capacitor, and a second 
electrode layer arranged on the first electrode layer 
have different compositions of matter or different 
compounding ratios from each other. 
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